SPECIFICATION 



PHOTOGRAPHY LIGHT SOURCE DEVICE 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Recent years have seen increasing numbers of mobile phones, mobile 
computers and other mobile devices featuring integrated digital cameras, and 
the present invention relates to light source devices attached to these mobile 
10 devices as illuminating light sources for use during, for example, nighttime 
photography or photography in darkened indoor locations. 

2. Detailed Description of the Prior Art 

In this type of irradiating device using LED elements as the light source 
known in the prior art, it is preferable for a single LED element for each of three 

15 colors - namely, red (R), green (G), and blue (B) - to be mounted inside an 
indentation formed in a molded interface device (MID), for the light emitted from 
each of these LED elements to be mixed, and for the corresponding color 
rendering properties to be freely adjusted. (For example, see Patent 
Document 1) 

20 Patent Document 1 

The Japanese Patent Laid-Open No. 1999-163412 (Paragraph 20 
through Paragraph 82, Figure 1 through Figure 24) 

SUMMARY OF THE INVENTION 

25 The light output from a light source of the configuration known in the prior 

art as mentioned above with, for example, LED elements comprising a 
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combination of R, G and B elements provides insufficient quantity of light for a 
photography, and therefore to obtain the required illumination illuminance, it is 
necessary to increase the number of LED elements used. In such devices using 
LED elements for each of the three primaries, or as explained in Patent 
Document 1, LED elements for four colors, it is necessary to increase the 
number of LED elements in combinations of three (or four) in order to increase 
the quantity of light, and this is manifested in remarkable increases in the size of 
the illumination device. 

In terms of the present invention, since the illumination device is intended 
for mounting on mobile phones and other similar compact devices, if priority is 
given to producing sufficient brightness for a photography and the number of 
LED elements is set accordingly, the corresponding increase in size leads to 
difficulty in the actual mounting of the illumination device; conversely, if the 
priority is given to the number of LED elements that can be installed, the 
resulting illumination is insufficient and photographs of a satisfactory quality 
cannot be taken. 

As a tangible means of resolving the problems known in the prior art, the 
present invention is for a photography light source device provided as a light 
source in a camera integrated into a mobile device, and it is characterized in 
that its light source device comprises of a plurality of LED elements generating 
white light or light of the three primaries arranged in one or more rows parallel 
with the direction of the longer side of the photograph, in that a case having a 
lens on which linear fresnel cuts have been administered in a linear direction 
parallel to the arrangement direction is mounted on the LED element, and in 
that upon lighting of the LED element, drive is performed with a current of 
between 3 and 50 times the magnitude of the LED element's rated current and 



a lighting duration of between 10 and 600 msec. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and others and advantages of the present invention will become 
5 clear from following description with reference to the accompanying drawing, 
wherein: 

Fig. 1 is a front elevation view showing a photography light source device 
according to the first embodiment of the present invention. 

Fig. 2 is a cross-section view on A-A of Fig. 1; 
10 Fig. 3 is a cross-section view on B-B of Fig. 1 ; 

Fig. 4 is a cross-section view showing a typical configuration of an LED 
element used in the photography light source device according to the present 
invention; 

Fig. 5 is a graph showing a typical light distribution characteristic of an 
15 LED element; 

Fig. 6 is a schematic view of a typical drive current for an LED element; 
Fig. 7 is a front elevation view showing the disposition of an LED element 
in a photography light source device according to the second embodiment of 
the present invention; and 
20 Fig. 8 is a cross-section view of the substantial parts of a photography 

light source device according to the third embodiment of the present invention. 
REFERENCES 

1 : Photography light source device 
2: LED element 
25 21: LED chip 

22: Transparent resin 
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23: Fluorophor 

3: Case 

3a: Linear fresnel cut 

3b: Circuit substrate 

4: Spring contact piece 

5: Glass substrate 

5a: Transparent electrode 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 While the presently preferred embodiment of the present invention has 

been shown and described, it will be understood that the present invention is 
not limited thereto, and that various changes and modification may be made by 
those skilled in the art without departing from the scope of the invention as set 
forth in the appended claims. 

15 Hereinafter, the present invention will be described by way of preferred 

embodiments thereof with reference to the accompanying drawings. Figure 1 
Figure 3 show a photography light source device 1 according to the first 
embodiment of the present invention, and this photography light source device 
1 is provided as a light source of illumination for the camera integrated into a 

20 mobile device; furthermore, the mobile device is a compact mobile phone, and 
consequently, the photography light source device 1 is small and is required, for 
example, to be contained inside dimensions of 9 mm in width, 9 mm in height, 
and 3 mm in depth. 

The present invention also employs an LED element 2 as the light source 

25 for the photography light source device 1; furthermore, an appropriate plurality 
of LED elements 2 are mounted on, for example, a circuit substrate 3b and are 
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covered by and integrated with a case 3 having a linear fresnel cut 3a in the 
direction of light emission, and can be assembled into a mobile device using a 
simple mounting means serving to also provide electrical power as realized by 
spring contact pieces 4 mounted on, for example, the circuit substrate 3b 
5 An appropriate plurality of white-light emitting LED elements 2 are used in 

the first embodiment. The term "appropriate plurality" as used herein with 
respect to LED elements 2 refers to a plurality of between one and a number 
mountable in a mobile device such as a mobile phone without resulting in an 
increase of size thereof, and in consideration of the dimensions set for the case 
10 3, refers to a number of between four (as shown in the figure) and eight. 
Furthermore, as shown in Fig. 3, the LED elements 2 are arranged in one or 
more rows in parallel with the longitudinal direction of the photographs taken by 
the camera. 

Fig. 4 shows a typical configuration of a white-light emitting LED element 
15 2 used in the first embodiment, and when a blue-light emitting LED chip 21 is 
covered in a transparent resin 22 such as epoxy resin and rendered damp-proof, 
fluorophor 23 are mixed into all or a portion of the transparent resin 22, thus 
enabling white light to be obtained when the fluorophor 23 are excited by the 
light emitted from the LED chip 22; furthermore, fluorescent materials 
20 generating yellow-colored light and known as YAG and In can be selected for 
the fluorophor 23, or alternatively, a combination of fluorophor 23 including 
materials individually emitting the three primaries R (red), G (green) and B 
(blue) can be selected. 

In either case, the light emitted from the LED chip 21 is incident upon the 
25 fluorophor 23, resulting in this light being diffused, and as shown by the light 
distribution characteristic D in Fig. 5, the angle at which the brightness drops to 
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50% - or in other words, the half reduction angle - is large at approximately 60° 
on each side; accordingly, when compared with the coverage angle of 
approximately 25° on each side as set for this type of photograph, light is 
diffused over a relatively wide area. 
5 This corresponds to the distribution of the light over an area not required 

to be exposed in the taking of photographs, or in other words, to a reduction in 
the volume of light distributed to each unit area required to be used. 
Furthermore, the light emitted from the LED element 2 is distributed in a beam 
with a substantially circular distribution shape in the cross-section of a light flux, 

10 and since the camera exposes an area with a same rectangular shape, the 
distribution of light is also mismatched in terms of shape and the level of 
illumination is further decreased. 

In the present invention, in order to cope with the aforementioned 
problem, a linear fresnel cut 3a is applied on the case 3 as explained above; 

15 furthermore, as shown in Fig. 3, a convex lens P is established in a section 
perpendicular to the longer side of photographs taken by a camera, and a linear 
fresnel lens is used, which is made when the convex lens P and the 
cross-section shape on which fresnel cuts have been applied are traced along 
the case 3 in parallel with a longitudinal direction of the photographs. 

20 In this way, light is made convergent with a half reduction angle of 

approximately 20° on the shorter side of the photograph and with a half 
reduction angle of approximately 35° on the longer side of the photograph in the 
present invention, thus enabling the light from the LED element 2 with a 
primarily low light emission volume to be made adequately convergent and 

25 ensuring efficient distribution of light within the range to be photographed by a 
camera. 
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In addition to using the linear fresnel cut 3a as explained above, the 
present invention also utilizes a method of lighting the LED element 2 with 
ingenuity. Fig. 6 shows a typical current pattern W applied to the LED element 2, 
and as a basic shape, this current pattern W features the substantially 
5 rectangular shaped single pulse comprising an application time t and a scaling 
factor b, and in this embodiment, the application time is set at between 10 and 
600 ms, and the scaling factor b is set at between 3 and 50 times the rated 
current. However, the application time t and the scaling factor b have a 
generally inverse mutual relationship, and it is preferable to set the application 

1 0 time t at a low value when the scaling factor b is set at a large value. 

The volume of light emitted from the LED element 2 is substantially 
proportional to the applied current and, for example, when a current with a 
scaling factor of 50 is applied, with identical lighting times, it is possible to obtain 
a level of brightness equivalent to that obtained when the number of LED 

15 elements 2 is increased by a factor of 50. In reality, the quantity of light resulting 
from increased application current exhibits a tendency to become somewhat 
saturated and it is not possible to accurately obtain the brightness magnified by 
a factor of 50; accordingly, a suitable degree of correction is required. 

In some cases such as a battery is used as a power source in mobile 

20 devices such as mobile phones, and since the corresponding power supply 
voltage is relatively low and the corresponding current capacity is small, as a 
matter of course, voltages equal to or higher than the power supply voltage will 
be required in order to generate a current equal to or higher than the rated 
current in the LED element 2. Furthermore, when it is necessary to generate a 

25 current 50 times larger than the rated current in the LED element 2 in order to 
obtain the required brightness, if the rated current is 20 mA, the required current 
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value for each LED element 2 would be 1 A, and in accordance with the number 
of LED elements 2 used, situations where the power supply capacity is 
exceeded can be expected. 

Accordingly, it is preferable to provide where necessary in the mobile 
5 device, for example, an inverter circuit or some other boosting means to 
increase the voltage to the required level, and a condenser circuit or some other 
storage means to store the required power in the boosted voltage until provision 
thereof to the LED element 2. 

When the employed LED element 2 comprises a combination of a 

10 blue-light LED chip 21 and fluorophor 23 generating yellow light, although the 
color of the light emitted overall is certainly white, the red component of this 
illuminating light is small, the color blue is predominant in photographs of 
subjects illuminated using the light from the LED element 2, and the observers 
thereof considerably have a foreign impression as manifested in poor facial 

15 coloring and the like. Accordingly, in the present invention, for example, one or 
more of the four LED elements 2 are red LED elements 2R emitting red-colored 
light as shown in Fig. 2, and consequently, the generation of red light is 
corrected and the color rendering properties of the photography light source 
device 1 are improved so that the development of a foreign impression is 

20 prevented. 

A method whereby white light is produced by combining an LED chip 21 
generating near-ultraviolet light with fluorophor 23 generating the three 
primaries can be used in the realization of a white-light LED element 2, and 
when such an item is used as the light source, the three primaries R (red), G 
25 (green) and B (blue) are contained in the emitted light, and since therefore there 
is no need to add red-light LED elements 2R, in terms of the above mentioned 
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example, white-light LED elements 2 can be used for all four LED elements. 

The part indicated by reference 4 in Fig. 2 is a spring contact piece used 
to provide power to the photography light source device 1, and utilizing the 
elastic behavior of this spring contact piece 4 when, for example, pressed 
5 against a terminal 11 provided in a recess 10a in the mobile device's body 10 
by a housing cover 12 during assembly of the photography light source device 1 
into the mobile device as shown by the chain double-dashed line, assembly 
operations are simplified. 

By adopting the configuration explained above in accordance with the 

10 present invention, when a digital or other camera is assembled into a small 
mobile device such as a mobile phone, assembly of the photography light 
source device 1 enabling photography to be carried out at nighttime or in other 
conditions where the peripheral light is insufficient is made possible without an 
increase in size of the mobile phone or the like. 

15 Fig. 7 shows the second embodiment of the photography light source 

device 1 according to the present invention. Although white-light LED elements 
2 are used as the light source in the previous embodiment, when the image 
being photographed is a color image, and even when fluorophor generating the 
three primaries are used, the color temperature of white light is fixed and the 

20 quality thereof is not considered to be particularly high; accordingly, differences 
can develop between the coloring of images photographed under natural light 
and images photographed using the photography light source device 1 as the 
source of illumination, and users have a foreign . 

In this embodiment, a red LED element 2R generating red light, a green 

25 LED element 2G generating green light, and a blue LED element 2B generating 
blue light are combined as an LED element 2 generating the three primaries, 
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and the mixture ratio of the colors is adjusted within the range of so-called white 
light to adjust the color temperature of the illuminating light and to achieve the 
same coloring as characteristic of photography under natural light. 

The results of prototype manufacture, testings, and evaluations by the 
5 inventors confirmed that the light emitted by the LED element 2 is characteristic 
of light emitted from a single point with relatively strong directional 
characteristics, and therefore, when three LED elements 2 are combined in 
accordance with this embodiment, there is insufficient mixing of colors, and this 
has led to phenomena such as one half of a photographed face having a red 

10 hue and the opposing half having a blue hue. 

In this embodiment, therefore, LED elements 2 (R, G, and B) generating 
the three primaries are disposed in a matrix arrangement in order to further 
improve the mixing of colors; furthermore, the number of disposed rows and 
columns is set to the number of colors - namely, no less than three - and the 

15 three different colors are disposed in each row and column. Note that the lens 
4 and other parts have been omitted from Fig. 7 in order to allow the condition 
of disposition of the LED elements 2 (R, G, and B) of each color to be clearly 
indicated. 

Accordingly, the setting of a color temperature for the primary colors is 
20 made variable by adjusting the magnitude of the current provided to the LED 
elements 2 (R, G, and B) of each color, and for example, when the color 
temperature is set at a value close to that of natural light at between 5,000 and 
6,000 Kelvin, the difference in coloring with respect to photographs taken under 
natural light during the daytime can be reduced and development of a foreign 
25 feeling can be prevented; furthermore, the characteristics of mixing of the three 
primaries are improved, and a color leakage and other similar phenomena are 
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eliminated. 

Fig. 8 shows the third embodiment of the present invention, and even in 
the second embodiment explained above, close inspection reveals that the light 
generation positions for R, G and B are mutually independent and it is 
5 undeniable that a color leakage could possibly occur when, for example, in 
extremely close proximity to the photographic subject. In this third embodiment, 
therefore, the fact that the LED chip 21 itself is transparent is utilized and color 
drift is prevented. 

Accordingly, LED chips 21 (R, G, and B) of each color are, for example, 

10 formed into a prescribed shape such as a Philips chip type having positive and 
negative electrodes on a single side, and each chip is mounted on a glass 
substrate 5 having a transparent electrode 5a; furthermore, the LED chips 21 (R, 
G, and B) mounted on the substrate are stacked in the direction of light 
emission from the photography light source device 1. 

15 Stacking should be carried out in such a way that the LED chips 21 with 

high light generation efficiencies are disposed on the bottom layers, and it is 
common for the stacking sequence to be red, green and blue from the bottom 
layer. Accordingly, light from the LED chip 21 R on the lowermost layer is 
transmitted through the LED chip 21 G and the LED chip 21 B and is emitted in 

20 the illumination direction; furthermore, light generated by LED chip 21 G is 
transmitted through LED chip 21 B. 

In this way, the LED chips 21 (R, G, and B) become equivalent to a 
one-point light source, or in other words, the light emitted from the LED chip 21 
on the uppermost layer is a white light comprising an R, G, and B mixture, and 

25 regardless of the degree of proximity to the photographic subject, no 
unevenness of color will occur upon an illumination. 
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In accordance with the present invention as explained above, a 
photography light source device provided as a light source in a camera 
integrated into a mobile device is characterized in that its light source comprises 
of a plurality of LED elements generating white light or light of the three 
5 primaries arranged in one or more rows parallel with the direction of the longer 
side of the photograph, a case having a lens on which linear fresnel cuts have 
been applied in a linear direction parallel to the arrangement direction is 
mounted on the LED element, and upon lighting of the LED element, drive is 
performed with a current of between 3 and 50 times the magnitude of the LED 

10 element's rated current and a lighting duration of between 50 and 600 msec; 
accordingly, a small number of LED elements can provide sufficient illumination 
in the area of exposure of a digital camera integrated into this type of mobile 
device, benefits in terms of size, reliability and cost are also made possible by 
utilizing the LED elements, and therefore, exceptional results are achieved with 

15 regard to increased merchantability of mobile devices with integrated cameras 
such as mobile phones. 



12 



